A field experiment was carried out during 2010/2011 and 2011/2012 seasons at the Experimental Farm of Fac. of Agric. Minia Univ. in order to investigate the response of sweet marjoram plants to compost, bio-and/or mineral NPK fertilization treatments. The obtained data revealed that the vegetative growth traits (plant height, number of branches, herb fresh and dry weight per plant/cut and /plant/season) and essential oil parameters (oil %, oil yield/plant/cut and /plant/season), as well as, chemical constituents (total chlorophylls and N, P and K %) were significantly increased due to the application of compost at different levels over those of control treatment. The maximum values were recorded at the medium level of compost (10 ton/fed.).
INTRODUCTION
Sweet marjoram (Origanum majoranum, L.) which belonging to Family: Lamiaceae is an aromatic, perennial herb. It has been cultivated in Europe as a herb since the middle ages and is now extensively grown and widely used for culinary and perfumery purposes (Ietswaart, 1980) . The predominant essential compounds are of the Thujane type dominated by sabinene, the sabinene hydrates and their acetates. Sweet marjoram was used medicinally as a carminative and stimulant due to its strong, highly aromatic spicy and pleasing odour and flavour. The dried leaves are used as condiment and the volatile oil is employed medically as stimulate and carminative (El-Sharkawy, 1976 and El-Sanafawy, 2007) . Volatile oil of the herb is used as antimicrobial, antispasmodic, digestive, bitter tonic, diuretic, antidiabetic and antiparalytic drug (Yadava and Khare, 1995) . In addition, marjoram is cultivated as culinary herb and as garden plants (Lagouri et al., 1993) .
The effect of organic fertilization on increasing growth, yield and chemical composition of medicinal and aromatic plants was reported by many investigators such as El-Sayed et al. (2002) , Edris et al. (2003) and Gharib et al. (2008) on marjoram plant and Khalil and El-Sherbeny (2003) and Abdou et al. (2012b) on Mentha spp.
The enhancement effects of bio-fertilizer treatments (N 2 -fixing bacteria and/or phosphate dissolving bacteria) on vegetative growth traits, essential oil % and yield, as well as, chemical composition of aromatic plants were obtained by Mahfouz (2003) , El-Hindi and El-Boraie (2005) The important role of mineral fertilizers in increasing the medicinal and aromatic plants production is fully recognized. Dewidar (2007) , Gharib et al. (2008) and Hussein et al. (2008) on marjoram plants. Niakan et al. (2004) and El-Shora (2009) on Mentha spp. and Marzok (2011) on clove basil found that mineral NPK treatment significantly increased all vegetative growth studied parameters, oil % and yield, as well as, chemical compositions (pigments and NPK percentage). Therefore, the percent study aimed to evaluate the response of marjoram plants to compost, bio-fertilizers and/or mineral NPK fertilization.
MATERIALS AND METHODS
The present study was conducted during two successive seasons of 2010/2011 and 2011/2012 at the Experimental Farm of Fac. of Agric. Minia Univ. to investigate the response of marjoram plants to compost in combination with bio. and/or mineral NPK. Table (a) shows the physical and chemical properties of the used soil in both seasons. Seeds of sweet marjoram, were obtained from the Fac. of Agric. Minia Univ. and were sown in the Nursery on November 17 th of both seasons and the seedlings were transplanted on March 4 th in both seasons. The experiment was arranged in a randomized complete block design in a split-plot design with three replicates. The main plots (A) included four levels of compost [0, 7.5, 10.0 and 12.5 ton/fed.], while, the sub-plots (B) were devoted to seven treatments [control (no bio-or NPK fertilization), phosphorein (Phos.), Minia Azotein (M.A.), Phos.+ M.A., Phos.+M.A.+50 % NPK, Phos.+M.A.+75 % NPK and mineral NPK (100 %)], therefore the interaction treatments were 28 treatments. The experimental unit (plot) was 1.5×2.0 m containing 3 rows, 50 cm apart. The seedlings were cultivated in hills, 40 cm apart, each plot contained 12 plants.
Compost was added during soil preparing in the two seasons. Physical and chemical properties of the used compost are shown in Table ( b) . Fresh and active two biofertilizers (phosphorein and Minia Azotein) were applied three times to the soil around each plant at 0.2 g/plant of phosphorein and 50 cm 3 /plant of M.A. (1 ml=10 7 cells of bacteria) the first dose was added after two weeks from transplanting and repeated after the first and second cuts by two weeks for both seasons.
The recommended mineral NPK fertilization (100% NPK) was applied at the rate of 300 kg/fed. ammonium nitrate (33.5 % N), 150 kg/fed. calcium superphosphate (15.5 % P 2 O 5 ) and 75 kg/fed potassium sulphate (48 % K 2 O). So 75 % NPK was 225, 112.5 and 56.25 kg/fed., respectively, So 75 % NPK was 225, 112.5 and 56.25 kg/fed., respectively, while 50 % NPK was 150, 75 and 37.5 kg/fed., respectively. Chemical fertilizers were applied in three equal doses the first one was added three weeks after transplanting and repeated after the first and second cuts by three weeks in each seasons. All agricultural practices were performed as usual in the region.
The plants were harvested 3 times per season on June 22 nd , August 10 th and last day of October by cutting the vegetative parts at 5 cm above the soil surface, and the following data were recorded for each cut in both seasons; plant height (cm), number of branches/plant and herb fresh and dry weight/plant (g), essential oil % and yield (ml/plant/cut or ml/plant/season), total chlorophylls and N, P and K %. Chemical analysis ; total chlorophylls (mg/g-fresh weight) were determined in the fresh leaves according to Fadl and Sari El-Deen (1978) , while N, P and K % were determined according to Wilde et al. (1985) , Chapman and Pratt (1975) and Cottenie et al. (1982) , respectively. Essential oil % in the dry herb was determined according to British Pharmacopoeia (1963) .
The obtained data were statistically analyzed according to MSTAT-C (1986) . The differences between means were tested using L.S.D. at 5 % level.
RESULTS AND DISCUSSION

A-Vegetative growth traits:
Data presented in Tables (1, 2 , 3, 4 and 5) disclosed that plant height, number of branches, herb fresh and dry weight/plant/cut, as well as, herb fresh and dry weight/plant/season were significantly increased due to all compost treatments over control in the three cuts in both seasons. The highest values for the six characters were obtained when compost was applied at 10 ton/fed. similar results were found by El-Sayed et al. (2002) , Edris et al. (2003) and Gharib et al. (2008) on marjoram plants.  Data presented in Tables (1, 2 , 3, 4 and 5) showed also that all biofertilizer treatments alone or with 50 and 75 % NPK and mineral NPK (full dose) significantly increased plant height, number of branches, herb fresh and dry weight/plant/cut and per plant per season in the three cuts during both seasons in comparison with unfertilized control plants. The highest values for the aforementioned parameters were obtained due to fertilizing marjoram plants with Phos.+M.A.+75 % NPK followed by NPK (full dose) with significant differences between them. In agreement with these results were those obtained by Mahfouz (2003) The interaction between compost and bio. and/or mineral NPK treatments was significant for the six aforementioned characters in both seasons. The highest values were obtained due to the treatment of compost at 10 ton/fed. in combination with Phos.+M.A.+75 % NPK. B-Essential oil production : Data presented in Tables (6, 7 and 8) indicated that essential oil % per cut and essential oil yield/plant/cut and /plant/season were significantly increased due to all used levels of compost in comparison with control in both seasons. The highest values for the three parameters were realized when plants addressed with medium level of compost (10 ton/fed.). The stimulatory effect of compost on essential oil production may be due to that organic fertilization enhances oil biosynthesis and herb weight. These results are in agreement with those of Edris et al. Essential oil productivity parameters (oil %, oil yield/plant/cut and /plant/season) was significantly increased due to all used bio-and/or mineral NPK fertilization treatments in both seasons over the control. The most effective treatment, which gave the highest essential oil % and greatest essential oil yield (per plant/cut and per plant/season) was phosphorein+Minia Azotein + 75 % mineral NPK in both seasons. The plants which received biofertilizers plus reduced dose of mineral NPK contained the highest oil % and yield. These results may be due to that mineral NPK fertilization enhances oil biosynthesis. In addition the better role of microorganisms for increasing enzymes, vitamin, proteins analysis of compounds in soil, is promoting hormone and other beneficial substances, which enhance oil biosynthesis. In agreement with these finding concerning the promoting effect of biofertilizers on essential oil % and yield were those disclosed by Mahfouz (2003) The interaction between main and sub-plots (A×B) was significant for essential oil % and oil yield/plant per cut, as well as, per plant/season. The highest values in this concern were obtained due to compost at 10 ton/fed. in combination with Phos.+M.A.+75 % NPK , (Tables 6, 7 and 8).
C-Chemical composition : 1-Total chlorophylls :
Concerning compost treatments , the medium level of compost (10 ton/fed.) followed by high level of compost (12.5 ton/fed.) gave significantly the highest total chlorophylls content in both seasons over either low level of compost (7.5 ton/fed.) or control treatment without significant differences between high and medium levels of compost (Table, 9) . Similar results were obtained by Abdou et al. (2012b) on mint plants.
A significant and positive influence of the six used bio -and/or mineral NPK treatments on total chlorophylls was recorded in the present study. The treatments of Phos.+ M.A. + 75 % NPK followed by mineral NPK (full dose) were the most effect in this concern without significant differences between them ( (2010) on geranium plants stated that mineral NPK fertilization increased photosynthetic pigments.
The interaction between main and sub-plots (A×B) was significant for total chlorophylls (Table, 9) . The highest values were obtained due to fertilizing the plants with medium (10 ton/fed.) or high (12.5 ton/fed.) compost levels and treated them with Phos.+M.A.+75 % NPK or with mineral NPK (full dose).
2-NPK determination (%) :
Data in Table ( 10) indicated that the medium level of compost (10 ton/fed.) gave significantly the highest N, P and K % over the other two tested levels of compost or control in both seasons. The increment in N, P and K % in the dry herb by using the treatments of compost may be due to excesses of these elements in the root zone of plants as a result of analysis of organic manure which reflected on N, P and K uptake by plants. Similar results were obtained by El-Sanafawy (2007) on marjoram plants.
Regarding the effect of bio. and/or mineral NPK fertilization treatments, all six used treatments significantly increased N, P and K %, in both seasons, over that of check plants. The highest values were resulted from the treatment of Phos.+ M.A. + 75 % NPK followed by mineral NPK (full dose) without significant differences between them for all cases, except for K % in the second season, (Table 10 ).The stimulatory effect of bio-+NPK fertilization on N, P and K % may be due to increasing the available N, P and K elements in root zone of plants as a result of to adding NPK or treated plants with biofertilizers, which reflected on their uptake by plants. These results are in harmony with those obtained by El-Ghadban et al. (2008) The interaction between compost and bio-and/or mineral NPK fertilization treatments was significant for N, P and K % in both seasons, except for K % in the first season. The highest percentages were resulted from the treatment of 10 ton/fed. compost in combination with Phos.+ M.A. + 75 % NPK in both seasons or with mineral NPK (full dose) during the second season, (Table 10) . 
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